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Abstract 
 
We start our synthetic work with the acylation of Meldrum’s acid to get three different 5-acyl 
Meldrum’s acids. These compounds are attacked by various nucleophiles containing different hetero 
atoms to obtain β-ketoesters, β-ketoamides and the corresponding β-keto-phosphorus compounds 
respectively. New β-ketoamides could be synthesized and characterized. The reaction of acylated 
Meldrum’s acid and diphenylphosphine did not lead to the expected β-keto-phosphide compound, 
but the resulting product could be identified as 3-acetyl-4-hydroxy-6-methylpyran-2-one. 
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1. Introduction 
 
1.1 Background of coumarin and its derivatives 
 
Coumarins have been known as fragrance materials in perfumes for a rather long time, 
because of their sweet smell. Naturally occurring coumarins are known in about 700 
structures in more than 100 plant families (1), and the number of structures still increases. 
The first important researchs of coumarins and its derivatives were about their potential 
toxicities to both animals and plants, such as phototoxic, photosensitizing (1). But these 
properties are also considered as therapeutic potentials (2). Now they are widely used in 
pharmaceutics because of their biological activities. Additionally, coumarin derivatives 
have been used as antioxidant reagents (3), dyes (4), insecticides (5), sensitizers (6), 
herbicides, food additives, perfumes, and cosmetics. 
 
 
 
 
 
a:                               b:  
Fig 1.1: structures of coumarin (a) and 4-hydroxycoumarin (b) 
 
4-Hydroxycoumarins are among the most important coumarin derivatives, because they 
contain a wide range of biological activities. They can be anticoagulant (7), antibacterial 
(8), anti-HIV active (9), and anti-tumoral (10). The nucleus of 4-hydroxycoumarin is very 
susceptible to electrophilic substitution (11), so they are very easy synthesized and 
substituted by other functional groups to enhance their biological activities. If 
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4-hydroxycoumarin is substituted by phenyl, benzyl or phenoxy groups at position 3, 
the compound is considered to be a HIV-1 protease inhibitor (12). If the substituent is an 
acyl group, the compound can be used as an insecticide (5). The pharmacological 
activities of 3-substituted4-hydroxycoumarins are also dependend on the tautomeric 
conversions. The unstable tautomeric form 3-substituted-4-oxohydrocoumarin (B) of 
Wafarin (4-hydroxy-3-(3-oxo-1-phenylbutyl)-coumarin) can inhibit the vitamin K- 
vitamin K epoxide cycle and can therefore be used for anticoagulant (13). 
O
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O O
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(A)               (B)                    (C) 
 
 
 
 
 
Scheme 1.1: the tautomeric conversion of 3-substituted-4-hydroxycoumarin (13) 
 
3-Acyl-4-hydroxycoumarins show different biological activities for various acyl groups. 
With a short-chain acyl group, the compound shows high ovicidal rates, but the longer 
the chain, the lower is the activity. If the acyl group in position 3 is long-chained (10 or 
more carbons) and contains a terminal ethylene bond, it shows a high antibacterial 
activity (14).  
 
R = 
O
 8
O
O
O
O
H
 
Fig 1.2: structure of 3-acyl-4-hydroxycoumarin 
 
The strong hydrogen bond in 3-acyl-4-hydroxycoumarin can be shown under X-ray 
diffraction (15). 3-acetyl-4-hydroxycoumarin shows different tautomeric forms in 
different solvents (16). It performs the 3-acetyl-4-hydroxycoumarin form (A) in 
non-polar solvents (n-hexane, CCl4), while it exists in the 
3-(α-hydroxy)ethylidene-4-oxohydrocoumarin form (B) in protic solvents (methanol, 
ethanol) (scheme 2).  
 
 
             (A)                       (B) 
Scheme 1.2: Hydrogen bond in 3-acetyl-4-hydroxycoumarin (15) 
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1.2 Former synthetic routes to 3-substituted 
4-hydroxy-coumarins 
 
In 1960 Shah et al. (17) concluded that there were three principal methods for the 
synthesis of 4-hydroxycoumarins. Among these, one synthetic route leads first to 
3-substituted 4-hydroxycoumarins and this intermediate can afterwards be converted to 
the corresponding 4-hydroxycoumarin. It is the condensation reaction of acetyl 
salicyloyl chlorides with acetoacetic, cyanoacetic or malonic ester. 
 
Shah et al. found a new and simple process in which a phenol is treated with an 
equimolar proportion of a malonic acid in the presence of a mixture of double to triple 
molar amount of each anhydrous zinc chloride and phosphorus oxychloride as 
condensing agent. 
 
They condensed successfully substituted malonic acids, e.g. n-Octylmalonic acid, with 
phenol and received good yields of the corresponding 3-substituted 
4-hydroxycoumarins, f. ex. 3-n-octyl-4-hydroxycoumarin. 
RHOOC
COOH
O
OH
R
O
[ZnCl2]
[POCl3]
+
OH  
Scheme 1.3: reaction of phenol and substituted malonic acid to  
 form 3-substituted 4-hydroxycoumarin 
 
Cravotto et al. (18) prepared a series of 3-acyl-4-hydroxycoumarins by reacting 
4-hydroxy-coumarins with several long-chain acyl chlorides under sonochemical 
conditions. 
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O O
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O O
OH O
R
Cl
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n n
US 21 kHz
cat. piperidine
dry pyr. 38 °C  
 
Scheme 1.4: reaction of 4-hydroxycoumarin to 3-acyl-4-hydroxycoumarin 
 
Rad-Moghadam and Mohseni (19) found a simple preparation of 
3-formyl-4-hydroxycoumarin under microwave irradiation. 
O O
OH
PTSA / HC(OEt)3 2 min MW
O O
O
H
OEt
H2O/OH
O O
O
H
O
H
 
Scheme 1.5: reaction of 4-hydroxycoumarin to 3-acyl-4-hydroxycoumarin 
 
A mixture of 4-hydroxycoumarin and triethyl orthoformate reacted in the presence of a 
catalytic amount of p-toluenesulfonic acid under microwave irradiation and solvent free 
conditions to give, after a mild hydrolysis, the desired 3-formyl-4-hydroxycoumarin 
could be obtained. 
 
Athanaselli et al. (20) found 2004 an improved synthetic route to 3-substituted 
4-hydroxycoumarins with several substituents on the aromatic ring. As activated 
building block they used the N-hydroxybenzotriazole esters of functionalized acetyl 
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salicyclic acids (I).  
 
N
N
N
OH
N-hydroxybenzotriazole                                   
 
Fig 1.3: activated building block to form 3-substituted 4-hydroxycoumarins 
 
Their proposed reaction consists of the condensation of (I) with the anions of active 
methylene compounds: 
 
OCOCH3
OH
O
N
N
N
HO
O
OEt
O
OMe
N
N
N
O
OCOCH3
O
+
OCOCH3
OH
COOMe
COOEt
NaH
DCC
THF anhd.
O O
O
OMe
O
H
EtONa/EtOH
 
 
Scheme 1.6: reaction mechanism with activation by N-hydroxybenzotriazole 
 
 
 
(I) 
N
N
N
O
O
O
O
R2
R1
N-hydroxybenzotriazole ester of 
functionalized acetyl salicylic acid
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1.3 Meldrum’s Acid (Isopropylidene Malonate) 
 
In 1908 A. Meldrum found, that the reaction of malonic acid and acetone in acetic 
anhydride in the cold leads to the formation of a crystalline product with the 
sumformula C8H8O4 (21). Since this product showed clearly acidic character, Meldrum 
suggested that one of the carboxylic groups stayed intact and proposed 
β,β-dimethyl-β-propiolactone-α-carboxylic acid (I) to be the structure of this compound. 
 
Because several decomposition reactions as alkaline hydrolysis, acid alcoholysis, 
anilinolysis and pyrolysis regenerated acetone and no proofs for an existing carboxylic 
group could be brought forward, D. Davidson and S. A. Bernhard in 1948 corrected 
Meldrum’s wrong structure to be 2,2-dimethyl-1,3-dioxane-4,6-dione (II) 
(isopropylidene malonate).  
 
C
O C
CH
O
COOH
I     
O
O
O
O II  
 
Fig 1.4 Meldrum’s wrong proposed structure and proved Meldrum’s acid structure 
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The high acidity of Meldrum’s acid (pKa=4.97 (22)) was explained to the formation of a 
highly resonance-alkalized anion upon deprotonation: 
 
O
O
O
O
CH3
CH3
H
H - H+ O
O
O
O
CH3
CH3
H
O
O
O
O
CH3
CH3
H
O
O
O
O
CH3
CH3
H
 
Scheme 1.7: stability of Meldrum’s acids anion because of resonance structures 
 
Due to the high acidity Meldrum’s acid reacts readily with electrophiles even in the 
absence of a strong base (22). That’s why acylation of Meldrum’s acid is also expected to 
occur under similar conditions. 
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1.4 5-Acyl Meldrum’s Acids  
 
A number of different methods are used to perform acylation of Meldrum’s acid (23). 
Among others are carboxylic acid chlorides and anhydrides, acyl imidazolides, and 
peptide coupling reagents such as DDC or diethyl cyanophosphenate useful. 
 
Several acyl Meldrum’s acids could be prepared by reacting Meldrum’s acid with 
various carboxylic chlorides, e.g. propionylchloride, in the presence of pyridine in 
dichloromethane solution (22). 
 
O
O
O
O
Cl
O
+ pyridine
CH2Cl2
O
O
O
O
O
H
 
Scheme 1.8: acylation of Meldrum’s acid 
 
The NMR spectrum shows, that Propionyl Meldrum’s acid is present completely in its 
enol form (22). Ethanolysis of Meldrum’s Acid takes place only slowly without an acid 
catalyst, but the acyl derivatives undergo easily the ethanolysis because of enolization 
of the acyl group.  
 
O
O
O
O
O
R
H
R'OH
Δ R
O
O-R'
O
+ CO2  + (CH3)2CO
 
Scheme 1.9: alcoholysis of acyl Meldrum’s acid 
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The reactivity of acyl Meldrum’s acid is comparable to that of diketene. Diketene is a 
dimer of ketene and its most typical reaction is with a nucleophile to give an acetoacetic 
acid derivative (24).  
 
O
O
+ Nu-H
Nu
O
H3C
O
 
Nu = OH, NH2, NHR, OR, etc. 
Scheme 1.10: reaction of diketene with nucleophile 
 
Acyl Meldrum’s acid can be seen as a synthetic equivalent of mixed diketene. But while 
the reaction of diketene with nuleophiles yields only butane derivatives, the product of 
acyl Meldrum’s acid with nucleophiles can be varied by choosing an applicable 
acylation reagent. 
 
The reaction of acyl Meldrum’s acid with alcohols as nucleophiles in order to form a 
β-keto-ester is well known. But only few examples describe the formation of 
β-ketoamides from the reaction between acyl Meldrum’s acid and nitrogen-containing 
nucleophiles (23). So far, there is no any reference about the β-keto-phosphorus 
compounds. 
 
Moya et al. (25) prepared a β-ketoamide by acylating first Meldrum’s acid with octanoyl 
chloride. The acylated Meldrum’s acid was then subjected to aminolysis by reaction 
with pyrrolidine in benzene. The β-ketoamide could be obtained in 61 % overall yield. 
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O
Cl
Meldrum's acid
pyridine, CH2Cl2
OH
O
O
O
O
pyrrolidine
C6H6 N
OO
 
Scheme 1.11: preparation of β-ketoamide 
 
Sørensen et al. (23) performed an aminolysis of acetyl Meldrum’s acid with 
N,O-diBoc-hydroxylamine. The corresponding β-keto hydroxamic acid could be 
received in good yield. 
 
O
O
O
O
acetyl chloride
pyridine
CH2Cl2
O
O
O
O
O
H
65 °C
N
OBoc
Boc
OO
HN
OBoc
Boc
 
 
Scheme 1.12: reaction course from Meldrum’s acid to β-keto hydroxamic acid 
 
As already introduced, diketene is used as acetoacetylating agent in order to perform 
acetoacetic acid derivatives. Zavialov et al. (26) found a way to acetoacetylation of even 
weak nucleophiles such as ureas and aromatic amines. By reacting diketene with 
diphenylamine and an organic mercuric salt in glacial acetic acid they obtained the 
β-ketoamide. 
O
O
N
O
H3C
O
+ HN
Ph
Ph
Hg(OAc)2
AcOH
Ph
Ph  
Scheme 1.13: reaction of diketene with diphenylamine 
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1.5 β-ketoester 
 
 
Fig 1.5: β-ketoester 
 
β-ketoester are the typical product of the Claisen ester-condensation (27). 
EtO
O
EtO , Na
EtO
O
EtO
O
EtO
O
OEt
O
EtO
O O
- EtO
H
+ EtO
- EtOH
EtO
O O
EtO
O O
[HCl]
EtO
O O
EtO
O O
 
 
Scheme 1.14: Claisen ester-condensation (27) 
 
Since this reaction was first published by Claisen in 1887 β-ketoester have been very 
important intermediates in organic synthesis (28). Yonemitsu et al. (29) searched for a 
general and practical method for the preparation of arbitrary β-ketoesters of the type 
R
O O
O
R'
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RCOCH2CO2R’, which can be easily converted into the more general type 
RCOCHR’’CO2R’ by the alkylation with the appropriate alkyl halides (30). There are 
many methods for synthesizing β-ketoesters of the type RCOCH2CO2C2H5, e.g. via 
acetoacetic esters (31) and via mixed malonic esters (32), but none of them is able to 
modify the ester group. Already in 1978 Yonemitsu et al. (29) presented a general and 
versatile method of β-ketoesters by using Meldrum’s acid as starting material. They 
acylated Meldrum’s acid with several carboxylic chlorides in the presence of pyridine in 
dichloromethane solution. Alcoholysis was afterwards carried out with methanol, 
ethanol, tert-butylalcohol, benzyl alcohol and trichloroethanol to give various 
β-ketoesters. 
 
O
O
O
O
Cl
O
+ pyridine
CH2Cl2
O
O
O
O
O
H
Ph
Ph
MeOH PhCH2COCH2COOMe  
 
Scheme 1.15: preparation of β-ketoesters (29) 
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The intramolecular condensation of diesters with base to form β-ketoesters is called 
Dieckmann-condensation (27).This condensation reation works very well when a five- 
or six-membered ring compound is the product. 
EtO2C
H
OEt
O
+ EtO
-EtOH
OEt
O
EtO O
O
CO2Et
OEt
O
CO2Et
H + EtO
-EtOH
O
O
CO2Et
- EtO
O
OEt
O
O
OEt
O
O
OEt
H+
 
 
Scheme 1.16: Dieckmann-condensation (27) 
 
Like the Claisenester-condensation, the Dieckmann-condensation is an equilibrium 
reaction. The equilibrium steps are all unfavourable. The reaction works only because of 
the irreversible formation of a stable, electron-delocalized enolate product. Work-up 
with Hydrochloric acid forms the β-ketoester as final product. 
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The condensation of β-ketoesters with phenols is called Pechmann-condensation. This 
reaction is broadly used for the synthesis of coumarins (33). Since different substituted 
phenols and β-ketonic esters can be used, coumarins with substituents either in the 
benzene nucleus or in the heterocyclic ring or in both can be synthesized. 
 
OH
R +
R' OC2H5
O O
O O
R'
RSnCl4. H2O (5 mol%)
solvent free
 
Scheme 1.17: Pechmann-condensation (33) 
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2. Problem formulation 
 
2.1 Aims of this report 
 
There are already several synthetic routes to 3-acyl-4-hydroxycoumarins known, but the 
major aim of our report is their synthesis and structural characterization starting with the 
acylation of Meldrum’s acid. A second aim is the reaction of acylated Meldrum’s acids 
with various nucleophiles containing different hetero atoms to obtain β-ketoesters, 
β-ketoamides and the corresponding β-keto-phosphorus compounds respectively. The 
structural characterization is made by NMR-spectroscopy. 
 
 
 
 
 
 
 
 
 
 22
2.2 Synthetic route 
 
The synthesis and also the acylation of Meldrum’s acid are well known. Acylated 
Meldrum’s acids are a very interesting class of compounds in organic synthesis, because 
it is very susceptible to nucleophilic attack at the carbonyl group. As shown in the 
scheme below we took several routes starting with a nucleophilc attack at acylated 
Meldrum’s acid. In the main route, which is alcoholization with ethylsalicylate and 
further reaction with sodium ethanolate, we tried to obtain 3-acyl-4-hydroxycoumarin.  
The second route consists of the reaction of diphenylamine and diphenylphosphine 
respectively. It is already known, that 3-oxo-N,N,-diphenylbutanamide can be 
synthesized by reaction of diketene and diphenylamine (23). Since the reactivity of 
diketene and acylated Meldrum’s acid is similar, there could be a possibility to attack 
acylated Meldrum’s acid with diphenylamine in order to obtain various 
2-acyl-N,N-diphenylamides. Furthermore we tried the same kind of reaction with 
diphenylphosphine, because of the similar electronic environment of nitrogen and 
phosphorus.  
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O
HO
O
O
HO
+
O
O
O
O
R Cl
O
R= CH3-, CH3CH2-, ph-CH2-
O
O
O
O
O
R
H
O
H
O
O
X
H
O
OO
R
OO
X
OO
R
X= N,P
OO
O
R
O
H
acetone malonic acid
Meldrum's acid
acylated
Meldrum's acid
-ketoamide, -phosphideβ
-ketoesterβ
3-acyl-4-hydroxycoumarin
 
Scheme 2.1: synthetic route of our project 
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2.3 Ideas of the project 
 
Meldrum’s acid has a remarkable aciditiy and therefore it can react with electrophiles 
even in the absence of a strong base. To perform the mono-anion it is treated with 
pyridine. By reaction with a carboxylic acid chloride the corresponding acyl Meldrum’s 
acid is formed. 
 
O
O
O
O
H
H O
O
O
O
H
O
O
O
O
H
O
O
O
O
H
N
N
H
+
-
O
O
O
O
H
R Cl
O
+
O
O
O
O
H O
R
Cl
- Cl
O
O
O
O
H
O
R
O
O
O
O
O
R
H
 
 
R= 
1 CH2C6H5 
2 CH3 
3 C2H5 
 
Scheme 2.2: mechanism of acylation of Meldrum’s acid 
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Acyl Meldrum’s acid can easily react with several nucleophiles. A ring opening takes 
place and carbon dioxide and acetone are separated. 
O
O
O
O
O
R
H
+ R'-H O
O
O
O
O
R
H - R'
R
O
R'
O
+ CO2  + (CH3)2CO
 
 
R’-H = 
a Ethylsalicylate 
b Diphenylamine 
c Diphenylphosphine 
 
Scheme 2.3: reaction of acylated Meldrum’s acid with a nucleophile 
 
O
H
O
O
 
Fig 2.1: a: ethylsalicylate 
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N
H
P
H
 
Fig 2.2: b: diphenylamine, c: diphenylphosphine 
 
If the nucleophile is an alcohol, the resulting product is a β-ketoester.  
 
O
O
O
O
O
R
H
+ R'-O-H O
O
O
O
O
R
O-R'
H
R
O
O-R'
O
+ CO2  + (CH3)2CO
 
Scheme 2.4: reaction of acylated Meldrum’s acid with an alcohol 
 
 
 
b 
c 
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In order to examine the reaction of several acyl Meldrum’s acids with various 
nucleophiles three different carboxylic chlorides were first reacted with Meldrum’s acid 
(1-3). 
 
The obtained acyl Meldrum’s acids were reacted with various nucleophiles (a-c). 
 
As shown in the mechanism above, a ring opening and separation of carbon dioxide and 
acetone is expected. 
 
As already shown, the condensation between a phenol and a β-ketoester leads to 
coumarins (Pechmann-condensation). The aim of our project was to introduce the 
phenylgroup already as an estergroup (1-3 a) and to perform a Dieckmann-condensation 
in order to obtain 3-acyl-4-hydroxycoumarin. 
OO
O
R
O
OEt
OO
O
R
O
OEt
- H
(EtO  , Na   )
OO
O
R
O
OEt
OO
O
R
O
- EtO
OO
O
R
O
H
 
Scheme 2.5: Dieckmann-condensation to obtain 3-acyl-4-hydroxycoumarin 
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3. Experimental part 
 
3.1 Synthesis 
 
3.1.1. Synthesis of Meldrum’s acid (MA) 
O
O
O
O  
Fig 3.1: the structure of Meldrum’s acid 
1) Apparatus 
Magnetical stirrer, ice bath, Erlenmeyer flask, thermometer 
 
2) Reagent 
 
Reagent Structure Formula M.W CAS bp (°C) Density 
Malonic acid 
 
CH2(COOH)2 104.06 141-82-2   
acetic anhydride 
 
(CH3CO)2O 102.09 108-24-7 138-140 1.081 g/mL at 20 °C
concentrated 
sulfuric acid  
H2SO4 98.08 7664-93-9 ~290 1.840 g/mL at 25 °C
acetone 
 
CH3COCH3 58.08 67-64-1 56 
0.791 g/mL 
at 25 °C 
 
Table 3.1: the compounds used for formation of Meldrum’s acid 
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3) Synthesis procedure 
 
Add 1.5mL of concentrated sulfuric acid in a stirring suspension of 52g (0.5mol) 
malonic acid in 60mL (0.6mol) acetic anhydride. Most of malonic acid dissolves 
with spontaneous cooling. To the resulting solution add 40mL (0.55mol) acetone, 
and keep the temperature at 20-25°C. Store the reaction mixture overnight in the 
refrigerator. The crude product crystallizes out. Filter the crystals of MA by suction, 
and wash three times with enough ice water to cover the cake. The air-dried product 
is afterwards purified by recrystallization. 
 
Recrystallization of MA: The crude product is dissolved in acetone. Use at least 20 
mL acetone per 10 g product. If necessary add more acetone to get the crude product 
almost completely into solution. Filter the solution and add 40 mL water per 10 g 
product or the corresponding molar amount according to the added amount of 
acetone respectively. 
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3.1.2. Synthesis of Acyl Meldrum’s acid 
 
O
O
O
O
R
O
H
 
R= CH3-, CH3CH2-, Ph-CH2- 
Fig 3.2: the structure of Acyl Meldrum’s acid 
1) Apparatus 
 
 
Pic 3.1: the apparatus of formation of Acyl Meldrum’s acid 
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2) Reagent 
 
Reagent Structure Formula M.W CAS bp (°C) 
Density  
( g/mL at 
25 °C) 
Meldrum’s acid 
 
C6H8O4 144.13 2033-24-1   
anhydrous 
dichloromethane 
CH2Cl2 CH2Cl2 84.93 75-09-2 
39.8-40 
 
1.325 
anhydrous 
pyridine  
C5H5N 79.10 110-86-1 115 0.978 
phenylacetyl 
chloride 
 
C6H5CH2COCl 154.59 103-80-0
94-95 
 
1.169 
acetyl chloride 
 
CH3COCl 78.50 75-36-5 52 1.104 
propionyl chloride CH3CH2COCl 92.52 79-03-8 77-79 1.065 
hydrochloric acid HCl 
sodium chloride NaCl 
anhydrous 
sodium sulfate 
Na2SO4 
ethanol CH3CH2OH 
 
Table 3.2: the compounds used for formation of Acyl Meldrum’s acid 
 
3) Synthesis procedure 
 
Three acyl Meldrum’s acids were synthesized in this step by reacting Meldrum’s 
acid with phenylacetyl chloride, acetyl chloride and propionyl chloride respectively. 
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Stir a solution of 23.75g (0.165mol) recrystallized MA in 65mL anhydrous 
dichloromethane, which was placed in a 500mL round-bottom flask equipped with a 
dropping funnel. Cool the flask and its contents in an ice-bath. Add firstly 32.5mL 
(0.4mol) of anhydrous pyridine over a period of 10 minutes through the dropping 
funnel; secondly add a solution of 25g (0.16mol) phenylacetyl chloride (or 12.6g 
(0.16mol) acetyl chloride or 14.8g (0.16mol) propionyl chloride) in 50mL 
anhydrous dichloromethane over a period of 2 hours. After the addition is complete, 
stir the resulting orange cloudy reaction mixture for 1 hour at 0°C, and then for an 
additional 1 hour at room temperature. Dilute the reaction mixture with 35ml 
dichloromethane, and pour it then into 100mL of 2M hydrochloric acid. Separate the 
organic phase, and extract the aqueous layer with 25mL dichloromethane twice. The 
organic phase and the extracts are combined, washed twice with 25mL of 2M 
hydrochloric acid and 30ml saturated sodium chloride solution separately. Dry the 
organic phase over anhydrous sodium sulfate for 1 hour by stirring and filter by 
suction. Remove the solvent with a rotary evaporator to yield an acyl Meldrum’s 
acid (solid). 
 
Recrystallization of acyl Meldrum’s acid: Dissolve and boil acyl Meldrum’s acid in 
ethanol (as less as possible). Filter the solution. Recrystallization of the pure product 
took place overnight in the refrigerator. 
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3.1.3. Synthesis of ethyl 2-(3-oxoalkanoyloxy)benzoate 
 
O O
OR
O O
 
 
R= CH3-, CH3CH2-, Ph-CH2- 
Fig 3.3: the structure of ethyl 2-(3-oxoalkanoyloxy)benzoate 
1) Apparatus 
 
 
Pic 3.2: the apparatus of formation of ethyl 2-(3-oxoalkanoyloxy)benzoate 
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2) Reagent 
 
Reagent Structure Formula 
M.
W 
bp 
(°C) 
Density 
(g/mL 
at 25 °C) 
ethyl 
2-hydroxybenzoate 
 
2-(HO)C6H4CO2C2H5
166.
17 
234 1.131 
acyl 
Meldrum’s acid 
R= CH3-, CH3CH2-, Ph-CH2- 
dichloromethane CH2Cl2 
sodium hydroxide NaOH (Ph=9) 
anhydrous 
sodium sulfate 
Na2SO4 
 
Table 3.3: the compounds used for formation of ethyl 2-(3-oxoalkanoyloxy)benzoate 
 
3) Synthesis procedure 
 
A 25mL round-bottom flask was equipped with a magnetic stirrer, an oil bath and a 
two necked top for thermometer and drying tube. 21.6 mmol acylated Meldrum’s 
acid (4 g acetyl-MA; 4.3 g propionyl-MA; 5.7 g phenylacetyl-MA) was dissolved in 
6.4 mL (43.2 mmol) ethyl 2-hydroxybenzoate. The solution was heated at 68-80°C 
for about 7 hours.  
 
To the resulting solution was dissolved in 100mL CH2Cl2 and 50mL NaOH solution 
(pH=9) was added. The organic phase was separated. The aqueous layer was 
extracted twice with 100mL CH2Cl2. The organic phase and the extracts were 
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combined and several times washed with 100mL NaOH solution (pH=9). The pH of 
the aqueous layer decreased to 5. This step was repeated until the pH of the aqueous 
layer went back to 9. After drying the organic phase over anhydrous Na2SO4, 
CH2Cl2 was removed by a rotary evaporator. 
 
3.1.4. Synthesis of 3-acyl-4-hydroxycoumarin 
O O
O O
H
R= CH3-, CH3CH2-, Ph-CH2- 
Fig 3.4: the structure of 3-acyl-4-hydroxyxoumarin 
 
1) Apparatus 
Magnetic stirrer, 100 mL beaker 
 
2) Reagent 
 
Reagent Structure Formula M.W CAS 
sodium ethylate  CH3CH2ONa 68.05 141-52-6 
 
3-acyl-4-hydroxycoumarin 
 
 
R= CH3-, CH3CH2-, Ph-CH2- 
 
Table 3.4: the compounds used for formation of 3-acyl-4-hydroxyxoumarin 
 
 
 36
3) Synthesis procedure 
 
A solution of 0.5g ethyl 2-(3-oxoalkanoyloxy)benzoate (1,53 mmol for R= Ph-CH2-; 
2 mmol for R= CH3-; 1.89 mmol for R= CH3CH2-) dissolved in 40mL ethanol was 
placed in a 100ml beaker. A corresponding molar amount of Na was added (35 mg 
for R= Ph-CH2-; 46 mg for R= CH3-; 44 mg for R= CH3CH2-). Then reaction 
mixture was boiled for 6 hours while stirring. C2H5OH was removed with a rotary 
evaporator to yield the crude products. 
 
3.1.5. Synthesis of 2-acyl-N,N-diphenylacetamides 
and 2-acyl-N,N-diphenylacetylphosphides 
              
R= CH3-, CH3CH2-, Ph-CH2- 
Fig 3.5: the structure of β-ketoamides andβ-keto-phosphides 
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1) Apparatus 
      
Pic 3.3: the apparatuses of formation ofβ-ketoamides (left) andβ-keto-phosphorus (right) 
 
2) Reagent 
Reagent Structure Formula M.W
bp(°C
) 
Density(g/m
L 
at 25 °C) 
diphenylamine (C6H5)2NH 169.22 302   
diphenylphosphi
ne 
(C6H5)2PH 186.19 280  1.07  
benzene 
 
C6H6 78.11 80  0.874  
acyl 
Meldrum’s acid 
R= CH3-, CH3CH2-, Ph-CH2- 
 
Table 3.5: the compounds used for formation ofβ-ketoamides andβ-keto-phosphide 
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3) Synthesis procedure 
 (1) β-ketoamides 
A solution of 12mmol diphenylamine in 30mL benzene was added to a solution of 
12mmol acyl Meldrum’s acid likewise in 30mL of benzene. The mixture solution 
was poured into a 100mL round-bottom flask with a reflux condenser, and then the 
reaction mixture was boiled for 4 hours. Benzene was afterwards removed with a 
rotary evaporator to yield the crude products. Those were recrystallized from 
ethanol. 
 
 (2) β-keto-phosphide 
The reaction with diphenylphosphine takes place under N2 atmosphere. a solution of 
12mmol acyl Meldrum’s acid likewise in 30mL of benzene was poured into a 
100mL  three neck round-bottom flask with a reflux condenser, whereas a solution 
of 12mmol diphenylphosphine in 30mL benzene was slowly added through a 
dropping funnel. After finishing the addition the reaction mixture was boiled for 4 
hours. Benzene was afterwards removed with a rotary evaporator to yield the crude 
products. Those were recrystallized from ethanol 
 
3.2 Identification of products 
 
Identify the product of every synthesis step with TLC, 1H-NMR and 13C-NMR. 
 
 reagent 
developer n-hexane: acetone (8:2) 
TLC 
solvent Chloroform (CHCl3) 
NMR solvent Chloroform-d (CDCl3) 99.8 atom % D, contains 0.1% TMS 
Table 3.6 the solvent used for TLC and NMR 
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4. Results 
 
4.1 Yield 
 
product (recrystallized only) yield(g) % yield melting point(°C)
Meldrum’s acid 17.32 24.06 93.5-95 
Ph-CH2- 11.58 28.09 90-94 
CH3- 15.65 61.61 84-85 acyl Meldrum’s acid 
CH3CH2- 12.75 42.94 53-56 
Ph-CH2- 3.23 87.53 103-105 
CH3- 0.93 28.01 81-82 2-acyl-N,N-diphenylacetamide 
CH3CH2- 2.887 89.11 87-89 
 
Table 4.1: the physical characters of different products 
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Fig 4.1: product of Meldrum’s acid. 
 
 
 
 
 
 
Fig 4.2: products of acyl Meldrum’s acid. 
              (acyl group (from left to right):Ph-CH2CO-, CH3CH2CO-, CH3CO-) 
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4.2 Structural identification 
 
4.2.1 Meldrum’s acid 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.3: Structure of Meldrum’s acid 
 
The compound was obtained as a colorless crystal body, mp 93.5-95.0°C. By analysis of 
the NMR spectra of this compound the structure can be easily determined. 
1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz. The dates of NMR are below. 
 
Chem. Shift /ppm integral Mult. assignment 
3.64 
1.79 
2 H 
6 H 
s 
s 
-CH2- 
2×CH3- 
 
Table 4.2: 1H-NMR date of Meldrum’s acid 
4
5
6 O
1
2
O
3
7
8
O
O
2,2-dimethyl-1,3-dioxane-4,6-dione
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
163.0  
106.3  
36.2  
27.6  
C=O 
-O-C(CH3) 2-O-
-CH2- 
2×CH3- 
 
Table 4.3: 13C-NMR date of Meldrum’s acid 
 
 
4.2.2 Acyl-Meldrum’s acids 
 
4.2.2.1 Acetyl-Meldrum’s acid 
 
 
 
 
 
 
 
 
 
 
Fig 4.4: Structure of Acetyl-Meldrum’s acid 
 
The compound is light yellow plate, mp 87.6-88.0°C. With the NMR spectra, it is easy 
to assign the structure of this compound, and the NMR datas are in the table below. 
 
4
5
6 O
1
2
O
3
8
7
O
O
9
O
H
2,2-dimethyl-5-acetyl-1,3-dioxane-4,6-dione
10
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1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz  
 
Chem. Shift /ppm integral Mult. assignment 
15.13 
2.68 
1.74 
1 H 
2 H 
6 H 
s. br
s 
s 
-OH 
-CH2- 
2×CH3- 
 
Table 4.4: 1H-NMR date of Acetyl-Meldrum’s acid 
 
13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
194.7 
170.2  
160.5 
105.0  
91.8  
26.9  
23.5  
HO-C= 
-C=O…HO- 
-C=O (no H-bond)
O-C(CH3) 2-O 
C=C-OH 
2×-CH3 
-CH3 
 
Table 4.5: 13C-NMR date of Acetyl-Meldrum’s acid 
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4.2.2.2 Propionyl-Meldrum’s acid 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.5: Structure of propionyl-Meldrum’s acid 
 
The compound forms yellow plates, mp 93.7-95.3 C. With the NMR spectra, it is easy 
to attain the structure, and the NMR datas are in the table below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz  
 
Chem. Shift /ppm integral Mult. assignment 
15.39 
3.12 
1.74 
1.26 
1 H 
2 H 
6 H 
3 H 
s. br 
q, J=7.5Hz
s 
t, J=7.5Hz
-OH 
-CH2- 
2×CH3- 
-CH3 
 
Table 4.6: 1H-NMR date of propionyl-Meldrum’s acid 
 
 
 
 
 
4
5
6 O
1
2
O
3
8
7
O
O
9
O
H
2,2-dimethyl-5-propionyl-1,3-dioxane-4,6-dione
10
11
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
199.0 
170.6  
160.2 
104.9 
90.9 
29.5 
26.8 
 9.7 
HO-C= 
-C=O…HO- 
-C=O (no H-bond)
O-C(CH3) 2-O 
C=C-OH 
-CH2- 
2×CH3 
-CH3 
 
Table 4.7: 13C-NMR date of propionyl-Meldrum’s acid 
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4.2.2.3 Phenylacetyl-Meldrum’s acid 
 
 
 
 
 
 
 
 
 
 
 
    Fig 4.6: Structure of phenylacetyl-Meldrum’s acid 
 
The compound appears as orange plates. With the NMR spectra, it is easy to attain the 
structure, and the NMR data are in the table below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz  
 
 
Chem. Shift /ppm integral Mult. assignment 
15.32 
7.39-7.26 
4.43 
1.72 
1 H 
5 H 
2 H 
6 H 
s. br
m 
s 
s 
-OH 
 
-CH2- 
2×CH3- 
 
Table 4.8: 1H-NMR date of phenylacetyl-Meldrum’s acid 
 
 
 
4
5
6 O
1
2
O
3
8
7
O
O
9
O
10
H
2,2-dimethyl-5-phenylacetyl-1,3-dioxane-4,6-
dione
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
Chem. Shift /ppm assignment 
194.7 
170.5 
160.3 
134.1 
129.6-127.5 
105.0 
91.5 
40.8 
26.9 
HO-C= 
-C=O…HO- 
-C=O (no H-bond)
 
 
O-C(CH3) 2-O 
C=C-OH 
-CH2- 
2×CH3 
 
Table 4.9: 13C-NMR date of phenylacetyl-Meldrum’s acid 
 
4.2.3 β-Ketoesters 
4.2.3.1 Ethyl 2-(3-oxobutanoyloxy)benzoate  
 
 
 
 
 
 
 
 
 
 
Fig 4.7: Structure of ethyl 2-(3-oxobutanoyloxy)benzoate 
O12
3
4
O O
O
O
ethyl 2-(3-oxobutanoyloxy)benzoate
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The compound is yellow liquid. Unfortunately, the product is not purified, while 
compared its NMR spctra with those reported, we got the product desired and the 
structure can be defined. Although the compound is a tautomer, from 1H-NMR spctra 
data, it is easy to see that the keto tautomer is apparently predominant, while the 
enol-form is recognizable (signal at σ=10.84ppm). The NMR datas are in the table 
below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 with a spectrometer frequency of 
300MHz  
 
Chem. Shift /ppm integral Mult. assignment 
10.84 
7.85 
 
7.43 
 
6.97 
 
6.88 
3.76 
4.41 
2.17 
1.41 
1 H 
1 H 
 
1 H 
 
1.H 
 
1H 
2 H 
2 H 
3 H 
3 H 
s. br 
dd, J=8.1, 1.8Hz
 
td, J=7.8, 1.8Hz
 
dd, J=7.8, 1.2Hz
 
td, J=7.8, 1.0Hz
s 
q, J=7.2Hz 
s 
t ,J=7.2Hz 
enolic proton 
o
c=o  
o
c=o  
o
c=o  
o
c=o  
-CH2 
-O- CH2-CH3 
CH3-CO- 
-O-CH2-CH3 
 
Table 4.10: 1H-NMR date of ethyl 2-(3-oxobutanoyloxy)benzoate 
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13C-NMR: The 13C-NMR was measured in CDCl3 with a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
200.2 s 
170.2 s 
161.7 s 
135.6-117.5 
49.7 t 
61.4 t 
25.0 q 
14.2 q 
-CO- 
ester 
ester 
 
-CH2- 
-O-CH2-CH3
CH3-CO 
-O-CH2-CH3
 
Table 4.11: 13C-NMR date of ethyl 2-(3-oxobutanoyloxy)benzoate 
 
4.2.3.2 Ethyl 2-(3-oxopentanoyloxy)benzoate 
 
 
 
 
 
 
 
 
 
 
Fig 4.8: Structure of ethyl 2-(3-oxopentanoyloxy)benzoate 
 
The compound appears as yellow liquid. Unfortunately, the product is not purified, 
O12
3
4
O O
O
O
5
ethyl 2-(3-oxopentanoyloxy)benzoate
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while compared its NMR spectra with those reported, the desired product that we have 
got and the structure can be defined. Although the compound is tautomer, from 
1H-NMR spctra, it is easy to see the keto tautomer is the overwhelming one, while the 
enol-form can be recognizable (signal at σ=10.85ppm). The NMR datas are in the 
table below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 with a spectrometer frequency of 
300MHz  
 
Chem. Shift /ppm integral Mult. assignment 
10.85 
7.85 
 
7.43 
 
6.97 
 
6.88 
3.79 
4.41 
2.23 
1.39 
1.13 
1 H 
1 H 
 
1 H 
 
1.H 
 
1H 
2 H 
2 H 
2 H 
3 H 
3 H 
s. br 
dd 
 
td 
 
dd 
 
td 
s 
q, J=7.2Hz
q,J=7.6Hz
t ,J=7.5Hz
t, J=7.8Hz
enolic proton 
o
c=o  
o
c=o  
o
c=o  
o
c=o  
-CH2- 
-O- CH2 
-CH2-CO- 
O-CH2-CH3 
-C-CH2-CH3 
 
Table 4.12: 1H-NMR date of ethyl 2-(3-oxopentanoyloxy)benzoate 
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
202.2  
170.2  
161.7  
135.6-117.5 
61.4  
48.8  
26.8  
14.2  
9.8  
-CO- 
ester 
ester 
 
-O -CH2- 
 -CH2 
CH2-CO 
O-CH2-CH3
C- CH2-CH3
 
Table 4.13: 13C-NMR date of ethyl 2-(3-oxopentanoyloxy)benzoate 
 
4.2.3.3 Ethyl 2-(3-oxo-4-phenylbutanoyloxy)benzoate 
 
 
 
 
 
 
 
 
Fig 4.9: Structure of ethyl 2-(3-oxo-4-phenylbutanoyloxy)benzoate 
 
O1
2
3
4
O O
O
O
ethyl 2-(3-oxo-4-phenylbutanoyloxy)benzoate
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The compound is an orange liquid. Unfortunately, the product is not impure, while 
compared its NMR spectra with those reported, the proposed compound was produced 
and the structure can be defined. Although the compound is tautomer, from 1H-NMR 
result data, it is easy to see the keto tautomer is the overwhelming one, while the 
enol-form can be recognizable (signal at σ=10.85ppm). The NMR datas are in the 
table below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz. 
  
Chem. Shift /ppm integral Mult. assignment 
10.85 
7.36-7.20 
7.85 
 
7.43 
 
6.97 
 
6.88 
4.41 
3.50 
3.49 
1.41 
1 H 
5 H 
1 H 
 
1 H 
 
1 H 
 
1H 
2 H 
2 H 
2 H 
3 H 
s. br 
m 
dd 
 
td 
 
dd 
 
td 
q, J=7.2Hz
s 
s 
t ,J=7.2Hz
enolic proton 
 
o
c=o  
o
c=o  
o
c=o  
o
c=o  
-O-CH2- 
- CH2 
Ph-CH2-CO 
-O-CH2-CH3 
 
Table 4.14 1H-NMR date of ethyl 2-(3-oxo-4-phenylbutanoyloxy)benzoate 
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13C-NMR: The 13C-NMR was measured in CDCl3 with a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm assignment 
200.7  
170.3  
161.7  
135.6-117.5 
61.4  
48.0 
40.1 
14.2  
-CO- 
ester 
ester 
 
-O-CH2- CH3
-CH2 
Ph-CH2-CO 
-O-CH2-CH3
 
Table 4.15: 13C-NMR date of ethyl 2-(3-oxo-4-phenylbutanoyloxy)benzoate 
 
 
4.2.4  β-Ketoamides 
 
4.2.4.1 3-oxo-N,N-diphenylbutanamide 
 
 
 
 
 
 
 
 
Fig 4.10: Structure of 3-oxo-N,N-diphenylbutanamide 
4
3
2
1
N
O O
diketo tautomer
4
3
2
1
N
O O
H
enol tautomer
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The compound is orange amorphous powder. With the NMR spectra data, the structure 
can be defined, and from 1H-NMR, it is easy to see the ratio of the enol tautomer and 
the keto tautomer is approximate 2:3. The NMR data are in the table below. 
 
1H-NMR: The 1H-NMR was measured in CDCl3 at a spectrometer frequency of 
300MHz  
 
 Chem. Shift /ppm integral Mult. position 
 
keto 
 
3.47 
2.12 
7.40-7.23 
2 H 
3 H 
10 H 
s 
s 
m 
H2 
H4 
 
 
enol 
 
14.13 
7.40-7.23 
4.86 
1.85 
1 H 
10 H 
1 H 
3 H 
s,br 
m 
q, J=0.6Hz
d, J=0.6Hz
enolic proton 
 
H2 
H4 
 
Table 4.16: 1H-NMR date of 3-oxo-N,N-diphenylbutanamide 
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13C-NMR: The 13C-NMR was measured in CDCl3 with a spectrometer frequency of 
75MHz. 
 
 
tautomer Chem. Shift /ppm position 
keto 
C3 
C1 
 
aromatic C
C2 
C4 
enol 
202.0 
172.0 
142.2 
129.9-117.8 
50.9 
30.4 
175.7 
166.8 
142.2 
129.9-117.8 
89.9 
21.9 
C3 
C1 
 
aromatic C
C2 
C4 
 
Table 4.17: 13C-NMR date of 3-oxo-N,N-diphenylbutanamide 
 
 
 
 
 
 
 
 
 56
4.2.4.2 3-Oxo-N,N-diphenylpentanamide 
 
 
 
 
 
 
 
 
Fig 4.11: Structure of 3-oxo-N,N-diphenylpentanamide 
 
The compound is orange amorphous powder. With the NMR results data, the structure 
can be defined, and from 1H-NMR data, it is easy to see the ratio of the enol tautomer 
and the keto tautomer is approximate 2:3. The NMR datas are in the table below. 
1H-NMR: The 1H-NMR was measured in CDCl3 with a spectrometer frequency of 
300MHz. 
 Chem. Shift /ppm integral Mult. position 
keto 
3.48 
2.38 
1.03 
7.40-7.25 
2 H 
2 H 
3 H 
10 H 
s 
q,J=7.2Hz
t, J=7.2Hz
m 
H2 
H4 
H5 
 
enol 
14.11 
4.87 
2.13 
0.98 
7.40-7.23 
1 H 
1 H 
2 H 
3 H 
10 H 
s,br 
s 
q,J=7.5Hz
t, J=7,2Hz
m 
enolic proton 
H2 
H4 
H5 
 
 
Table 4.18: 1H-NMR date of 3-oxo-N,N-diphenylpentanamide 
4
3
2
1
N
O O
diketo tautomer
4
3
2
1
N
O O
H
enol tautomer
5 5
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
tautomer Chem. Shift /ppm position 
 
keto 
 
202.0 
172.0 
142.2 
129.9-117.8 
50.9 
30.4t 
14.2 
C3 
C1 
 
aromatic C
C2 
C4 
C5 
enol 
175.7 
166.8 
142.2 
129.9-117.8 
89.9 
26.9 
13.8 
C3 
C1 
 
aromatic C
C2 
C4 
C5 
 
Table 4.19: 13C-NMR date of 3-oxo-N,N-diphenylbutanamide 
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4.2.4.3 3-Oxo-N,N,4-triphenylpentanamide 
 
 
 
 
 
 
 
 
Fig 4.12: Structure of 3-oxo-N,N,4-triphenylpentanamide 
 
The compound is orange amorphous powder. With the NMR results data, the structure 
can be defined, and from 1H-NMR, it is easy to see the ratio of the enol tautomer and 
the keto tautomer is approximate 2:3. The NMR datas are in the table below. 
1H-NMR: The 1H-NMR was measured in CDCl3 with a spectrometer frequency of 
300MHz.  
 
tautomer Chem. Shift /ppm integral Mult. position 
 
keto 
 
3.69 
3.46 
7.35-7.21 
2 H 
2 H 
15 H 
s 
s 
m 
H2 
H4 
 
 
enol 
 
14.11 
4.87 
3.40 
7.35-7.21 
1 H 
1 H 
2 H 
15 H 
s,br 
s 
s 
m 
enolic proton 
H2 
H4 
 
 
Table 4.20: 1H-NMR date of 3-oxo-N,N,4-triphenylpentanamide 
4
3
2
1
N
O O
diketo tautomer
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enol tautomer
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13C-NMR: The 13C-NMR was measured in CDCl3 at a spectrometer frequency of 
75MHz. 
 
tautomer Chem. Shift /ppm position 
keto 
202.0 
172.0 
142.2 
129.9-117.8 
50.9 
36.4 
C3 
C1 
 
aromatic C
C2 
C4 
enol 
175.7 
166.8 
142.2 
129.9-117.8 
89.9 
25.9 
C3 
C1 
 
aromatic C
C2 
C4 
 
Table 4.21: 13C-NMR date of 3-oxo-N,N,4-triphenylbutanamide 
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4.2.5 3-Acetyl-4-hydroxy-6-methyl pyran-2-one 
 
 
 
 
 
 
 
 
Fig 4.1; Structure of 3-acetyl-4-hydroxy-6-methyl pyran-2-one: 
 
GC-MS for the gas chromatographic analysis the substance dissolved in the CH2Cl2. 
The chromatogram shows a peak with the molecular ion of the product (m/z=168), 
which indicates that the molecular structure may be C8H8O4 
 
1H-NMR: The 1H-NMR was measured in CDCl3 with a spectrometer frequency of 
300MHz.  
 
Chem. Shift /ppm integral Mult. position 
16.69 
5.94 
2.67 
2.27 
1 H 
1 H 
3 H 
3 H 
s 
q, J=0.9Hz
s 
d, J=0.9Hz
-O-H 
H5 
H8 
H9 
 
Table 4.22: 1H-NMR date of 3-acetyl-4-hydroxy-6-methyl pyran-2-one 
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6
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8
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13C-NMR: The 13C-NMR was measured in CDCl3 with a spectrometer frequency of 
75MHz. 
 
Chem. Shift /ppm position
205.3  
181.1 
169.1  
161.2  
101.5  
99.9  
30.1  
20.7  
C7 
C4 
C2 
C6 
C5 
C3 
C8 
C9 
 
Table 4.23: 13C-NMR date of 3-acetyl-4-hydroxy-6-methyl pyran-2-one 
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5. Conclusion and discussion 
 
The reaction of acetone and malonic acid in aceticanhydride and catalytic sulfuric acid 
to form Meldrum’s acid is well known and took place without problems. The product 
could be identified by NMR spectral data.  
 
The acylation of Meldrum’s acid didn’t work for several times. We guess several 
problems can cause an unsuccessful synthesis as shown below. The first issue is the 
reaction time. We observed that the obtained product contained still the starting material, 
Meldrum’s acid, after a reaction time of four hours. But after five hours the reaction was 
completed. Furthermore the acylation reagent should drop in the reaction flask over a 
period of two hours with a constant velocity. Another issue is the quality of the starting 
material. Several times we obtained at least only Meldrum’s acid back, which is shown 
by TLC and NMR data. After new ordered starting material was used, the reaction took 
place as desired. 
The NMR results of both Meldrum’s acid and the various acylated Meldrum’s acids 
agree with reference data (34). 
 
The reaction of acylated Meldrum’s acid with ethyl salicylate was first arranged in 
benzene. The resulting crude product was an impure liquid. The NMR spectra showed a 
great many signals and it was not possible to assign these signals to the desired product. 
The TLC analysis showed also several products. We decided not to purify by distillation, 
because of too little amount of the crude product (only 1 ml). Instead we tried another 
synthetic way without an additional solvent, but by using the double amount of ethyl 
salicylate to dissolve the acylated Meldrum’s acid. On the other hand we had the 
problem then to remove ethylsalicylate after the reaction had taken place. Because of 
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the too high boiling point (234 °C) it is not possible to remove ethyl salicylate with a 
rotary evaporator. Since ethyl salicylate is a phenol and the phenolate should be soluble 
in water, we washed the product with sodium hydroxide solution. As expected, the 
pH-value of the water layer decreased, which indicates a neutralisation. Although we 
washed the organic layer several times until the pH-value of the water layer remained, 
we had still ethyl salicylate in the organic phase, which can be shown by TLC analysis. 
Unfortunately we could not obtain a pure product, but it is clearly visible in the NMR 
spectra, that the desired product occurs. 
 
Only the first synthesized products of acylated Meldrum’s acid and ethyl salicylate in 
benzene were reacted with sodium ethanolate to perform 3-acyl-4-hydroxycoumarins. 
We knew that the starting material for this reaction was impure, but we just tried to 
obtain a product and an interpretable NMR spectrum. But the NMR spectra showed a 
great many signals and it was not possible to assign them. The products of the reaction 
of acylated Meldrum’s acid and ethyl salicylate without benzene could not be reacted 
with sodium ethanolate, because it was not enough time left. Furthermore these 
compounds are impure as well. 
The original aim to synthesize 3-acyl-4-hydroxycoumarins could therefore not be 
fulfilled.  
 
The reaction of acylated Meldrum’s acids with diphenylamine led to the desired 
products. It was possible to purify the compounds by recrystallization and the NMR 
signals could be easily assigned. The ratio of enolic- and keto-form can be calculated 
from NMR data as 3:2. We were therefore able to synthesize the same product as 
Zavialov et al. (26) obtained by reacting diketene with diphenlamine and we can 
furthermore vary the acyl group by using different acyl Meldrum’s acids. 
 
Only acetyl Meldrum’s acid was successfully reacted with diphenylphosphine. We 
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analyzed the obtained product by GC-MS and NMR. From these data we can see, that 
we did not get the expected product 3-oxo-P,P-diphenylbutanphosphide, but another 
pure compound, which is presented below. On the other hand the expected product, 
which corresponds to the nitrogen compound, is not known yet. 
Both the GC-MS result and the NMR data show that our product is 
3-acetyl-4-hydroxy-6-methylpyran-2-one. Our proposed mechanism to obtain this 
product follows. According to this mechanism diphenylphosphine reacts only as a 
catalyst and is obtained back. This explains also, why we observed diphenylphosphine 
in the TLC analysis of our product before recrystallization.  
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Scheme 5.1: the reaction mechanism of diphenylphosphine 
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Fig17:GC of 3-acetyl-4-hydroxy-6-methyl pyran-2-one 
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Fig18:MS of 3-acetyl-4-hydroxy-6-methyl pyran-2-one 
